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Abstract

Background: The association between lifetime alcohol abuse and a higher risk to develop 

dementia is well known. However, it is unknown whether older adults who begin abusing alcohol 

late in life have an underlying neurodegenerative disease.

Objective: Identify the frequency of lifelong alcohol abuse (L-AA), late-onset alcohol abuse 

(LO-AA), and alcohol abuse as a first symptom of dementia (AA-FS) in patients with 

neurodegenerative diseases.

Methods: Cross-sectional retrospective study of patients evaluated at an academic referral center 

with a clinical diagnosis of behavioral variant frontotemporal dementia (bvFTD), Alzheimer-type 

dementia (AD), and semantic variant primary progressive aphasia (svPPA) (n = 1,518). The 

presence of alcohol abuse was screened with the National Alzheimer’s Coordinating Center 

questionnaire. L-AA was defined as onset < 40 years, LO-AA as onset ≥40 years, and AA-FS was 

defined when the abuse started within the first three years from symptom onset.

Results: The frequency of LO-AA was 2.2% (n = 33/1,518). LO-AA was significantly more 

frequent in patients with bvFTD than AD (7.5%, n = 13/173 versus 1.3%, n = 16/1,254, 

CI:1.0;11.4%), but not svPPA (4.4%, n = 4/91, CI: −4.4;10.7%). Similarly, AA-FS was more 
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frequent in bvFTD patients than AD (5.7%, n = 10/173 versus 0.7%, n = 9/1,254, CI:0.5%;9.5%), 

but not svPPA (2.2%, n = 2/91, CI:–2.4;9.1%).

Conclusion: LO-AA can be a presenting symptom of dementia, especially bvFTD. Alcohol 

abuse onset later in life should prompt a clinical investigation into the possibility of an underlying 

neurodegenerative process because delay in diagnosis and treatment may increase patient and 

caregiver burden. The results need to be interpreted with caution due to the limitations of the 

study.
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INTRODUCTION

Among the symptoms that occur in patients with behavioral variant frontotemporal dementia 

(bvFTD), compulsive behavior and hyperorality are common [1, 2] and may manifest 

as an increase in, or a new onset of, alcohol consumption [3]. Patients with semantic 

variant primary progressive aphasia (svPPA), a disorder characterized by progressive loss 

of semantic knowledge [4], may also increase their alcohol consumption [5]. Yet, in the 

absence of obvious behavioral changes or cognitive decline, a neurodegenerative disease is 

rarely suspected when older adults start abusing alcohol for the first time, or unexpectedly 

increase their alcohol consumption. Conversely, patients with Alzheimer’s disease dementia 

(AD) usually have preserved social and emotional processing until late in the disease 

[6]. However, patients with AD can also present with mood disorders [7], which is often 

associated with alcohol abuse [8]. Therefore, it is not clear whether alcohol abuse would be 

less frequent in patients with AD compared with patients with bvFTD and svPPA.

Overall alcohol abuse is present in 1.7% of older adults in the United Stated [9] and the 

prevalence of hazardous drinking can be as high as 21.5% in older adults in Europe [10]. 

Lifelong alcohol abuse (L-AA) is a risk factor for dementia [11, 12]; however, the frequency 

of late-onset alcohol abuse (LO-AA) as a possible presenting symptom of bvFTD, svPPA, 

and AD has not been systematically explored. People who begin abusing alcohol because 

of an underlying neurological condition may be misdiagnosed with primary alcohol abuse 

and referred to traditional addiction treatment programs, a process that may delay correct 

diagnosis and appropriate behavioral treatment, expend family resources, and add to patient 

and caregiver burden. This study aimed to identify and compare the frequencies of L-AA, 

LO-AA, and alcohol abuse as a first symptom of dementia (AA-FS) in a cohort of patients 

with bvFTD, svPPA, and AD.

METHODS

Study participants

Participants were evaluated at the Memory and Aging Center, at the University of California, 

San Francisco (UCSF) between 1999 and 2017. First, we identified all participants who 

had completed the National Alzheimer’s Coordinating Center Uniform Dataset (UDS) 

questionnaire and had participated in one of two NIH/National Institute of Aging-funded 
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studies: the program project grant “Frontotemporal Dementia: Genes, Images and Emotions” 

(PPG, P01-AG1972403; PI: Miller) and the UCSF Alzheimer’s Disease Research Center 

grant (ADRC, P50-AG023501; PI: Miller). Then we selected the participants who had a 

clinical diagnosis of AD, bvFTD, or svPPA based on accepted diagnostic criteria [1, 4, 13] 

and as determined by a multidisciplinary consensus panel after a detailed neurological and 

neuropsychological examination. Four participants did not have charts available and were 

excluded. Our final sample had 1,518 participants of whom 1,254 had a clinical diagnosis of 

AD, 91 had a diagnosis of svPPA, and 173 had a bvFTD diagnosis (Supplementary Figure 

1). All participants or their assigned surrogate decision-makers signed an informed consent. 

The study was approved by the UCSF Institutional Review Board for human research and 

was performed according to UCSF Human Research policy.

Alcohol abuse assessment

The presence of alcohol abuse was screened using the National Alzheimer’s Coordinating 

Center UDS questionnaire that is completed by clinicians during patient research visits. 

Alcohol use is classified as abuse when alcohol consumption negatively impacts work or 

social life or leads to legal ramifications, based on patient/informant report, medical records, 

and observation. We reviewed the medical charts of participants who screened positive for 

alcohol abuse (AA) on the UDS. The chart review had the purpose of 1) confirming AA, 2) 

determining the age of onset of AA, 3) determining the age of dementia symptoms onset, 

and 4) assessing whether AA was a presenting symptom of dementia. We did not review the 

charts of participants who screened negative for alcohol abuse.

Participants were classified into three groups: 1) no AA, 2) L-AA, defined as onset of 

AA before the age of 40, and 3) LO-AA, defined as onset of AA at the age of 40 or 

later. The cutoff of 40 was chosen because a prospective study showed that 90% of people 

who abuse alcohol do so by the age of 30 [14] and the Diagnostic and Statistical Manual 

of Mental Disorders, Fifth Edition (DSM V) states that most persons with AA disorders 

develop this condition before the age of 30 [15]. We allowed an additional 10 years in order 

to remain conservative since the majority of patients with early-onset dementia will have 

their first symptom after the age of 40 [16-18]. Although AA is not considered a classic 

symptom of dementia, we classified a subgroup of participants in whom alcohol abuse was a 

presenting symptom of dementia, when the alcohol abuse started within 3 years of the onset 

of cognitive or behavioral changes. We chose the time window of 3 years to parallel the 

suggested timeframe of symptoms considered early in the bvFTD diagnostic criteria [1].

It was not possible to determine the exact age of onset of alcohol abuse for a total of 83 

participants screened positive for alcohol abuse per the UDS questionnaire. Of those 83, in 

66 participants (54 with AD, eight with bvFTD, and four with svPPA) it was clear in the 

chart that the alcohol abuse started in the patient’s youth, although the exact age of onset 

could not be determined. The remaining 17 (14 with AD, two with bvFTD, and one with 

svPPA), for whom there was no mention of age of onset in the chart, were also classified as 

L-AA in order to remain conservative and because clinicians will frequently not document 

the age of onset of AA for people with a lifelong history of alcoholism.
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Genetics assessment

A subgroup of participants received genetic testing as part of their research protocol. For 

these patients, we collected available information regarding Apolipoprotein E and Tau 

haplotype status. We also collected information regarding the presence of a mutation in 

any of the AD autosomal dominant genes (APP, PSEN1, and PSEN2), and in any of the 

frontotemporal lobar degeneration (FTLD) autosomal dominant genes (FUS, GRN, MAPT, 

and TARDBP), as well as the presence of pathological hexanucleotide repeat expansion in 

C9orf72 as previously described [19].

Neuropathological assessment

The neuropathological diagnosis was available for most deceased participants. The 

neuropathological assessment includes an extensive investigation of brain regions known 

to be affected by neuropathological changes that cause dementia. The neuropathological 

diagnosis was made per currently accepted guidelines [20-24]. Subtyping for FTLD-TDP 

and FTLD-tau followed the current “harmonized” nomenclature [25, 26].

Statistical analysis

The frequency of overall AA, L-AA, LO-AA, and AA-FS were calculated for the whole 

sample, and separately for patients with bvFTD, svPPA, and AD. We used the Mann-

Whitney Test to compare differences in age of onset, education, and Mini-Mental State 

Examination (MMSE) at first visit. Chi-squared test was used to compare differences in 

gender. When the frequency of any variable was low, the Fisher’s exact test was used. 

Comparisons were made between the different dementia groups and the different alcohol 

status groups. The Bonferroni correction was used for multiple comparisons analyses. 

Associations between each dementia group and alcohol abuse status were examined 

using multivariable logistic regression with alcohol abuse status as the outcome, dementia 

diagnosis as the predictor variable, AD as the reference group, and age of dementia onset, 

MMSE at first visit, gender, and years of education as covariates. The svPPA group was not 

used as the reference because of the small group size.

Statistical analyses were carried out on the statistical package R Studio (Version 1.1.414–

©2009–2018 RStudio, Inc) [27] and the level of significance was set at p < 0.05 two-sided.

Data availability

All the raw data that supported the findings can be made available for qualified researchers 

upon reasonable request.

RESULTS

Frequency of alcohol abuse

Among the 1,518 participants screened, the mean age of dementia symptoms onset was 66.8 

(Standard deviation (SD)±11.4) and 45.1% (685/1,518) were male. The overall frequency 

of AA was 8.4% (n = 128), 6.2% among women and 11.1% among men. The overall 

frequency of LO-AA was 2.2% (n = 33) and was gender-balanced. Patients with LO-AA 

were significantly younger and more educated than those with no AA (Table 1). More 
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women had LO-AA than L-AA, but this difference was not significant. A higher proportion 

of people with bvFTD than AD had LO-AA (7.5%, n = 13/173 versus 1.3%, n = 16/1,254, 

CI:2.1–8.3%, p = 0.004) (Fig. 1). In the bvFTD group, patients with LO-AA were more 

educated than those with L-AA (Supplementary Table 1).

In the LO-AA group, two thirds had AA-FS, which corresponded to a total of 1.4% of all 

participants (n = 21/1,518). AA-FS was more frequent in bvFTD than AD (5.7%, n = 10/173 

versus 0.7%, n = 9/1,254, CI:0.5–9.5%, p < 0.001) (Fig. 1).

The frequency of L-AA was similar across dementia groups (7.5%, n = 13/173 in bvFTD, 

6.1%, n = 77/1,254 in AD and 5.5%, n = 5/91 in svPPA, p = n.s).

In a multinomial logistic regression analysis with correction for cofounding variables, late-

onset alcohol abuse was 4.6 times more likely to occur in patients with bvFTD than with AD 

(CI:1.8–11.4, p = 0.001). In the subgroup analysis, alcohol abuse as a possible presenting 

symptom of dementia was 5.3 times more likely to occur in patients with bvFTD than AD 

(CI:1.7–16.2, p = 0.003).

Clinicopathological correlation

Of the 39 patients with AA who were deceased, 28 had undergone autopsy. The pathological 

diagnosis was concordant with the clinical diagnosis in 92.8% (n = 13/14) of patients with 

AD. Of those, six patients had pure AD, five had AD plus Lewy body disease, and two had 

AD plus vascular disease. The one patient that was clinically classified as AD but did not 

have an AD pathological diagnosis had transactive response DNA-binding protein with 43 

kD (TDP-43) type C and had L-AA. Of patients with pathological AD, three had LO-AA, of 

whom two had FS-AA and were AD without any co-pathology.

Among patients with bvFTD, 20% (n = 2/10) had FTLD-tau pathology (all Pick’s disease); 

one had LO-AA and the other had L-AA. Seventy percent (n = 7/10) had FTLD with 

TDP-43 pathology. Five had TDP-43 type B, of whom three had AA-FS and two had L-AA. 

One patient had TDP-43 type A with AA-FS and one had TDP-43 unclassifiable that had 

L-AA. The other patient with bvFTD had a pathological diagnosis of argyrophilic grain 

disease and had L-AA.

Among patients with svPPA, 50% (n = 2/4) had FTLD TDP-43 type C pathology and had 

L-AA. The other 50% (2/4) had FTLD-tau and had AA-FS. The two latter were clinically 

atypical as one was diagnosed by a panel of clinicians as svPPA with bvFTD and the other 

as svPPA with atypical AD.

In summary, regardless of the clinical diagnosis, of the 10 patients with LO-AA with 

neuropathological data available, seven had FTLD pathology (four TDP-43 and three tau), 

two had AD and one had AD plus vascular disease (Fig. 2).

Genetic profile

Eighty out of the 128 patients with AA had genetic testing (28 with LO-AA and 52 

with L-AA). None of the participants had APP, PSEN2, FUS, or TARDBP mutations. In 
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patients with LO-AA, one had a PSEN1 mutation, one had a GRN mutation, and one had 

a MAPT mutation. In patients with L-AA, one had a C9orf72 expansion, and one had an 

MAPT mutation. There was no difference in the proportions of Tau haplotype H1/H1 and 

Apolipoprotein E haplotype containing the ε4 allele between patients with LO-AA and 

L-AA (Supplementary Table 2).

DISCUSSION

LO-AA was present in 2.2% of this cohort of patients with neurodegenerative diseases, a 

proportion higher than the 1.7% that has been reported in older adults in United States 

[9]. We found LO-AA significantly more prevalent in bvFTD than AD while there was 

no difference between the frequency of L-AA across the three dementia groups. AA-FS 

occurred in 1.4% of all patients, five times more frequently in patients with bvFTD than AD. 

A previous study that looked only at patients with pathologically defined FTLD found that 

4.1% of them had alcohol abuse as a possible presenting symptom of dementia [28]. Here 

we present for the first time an assessment of alcohol abuse in a well characterized cohort of 

patients with AD, bvFTD, and svPPA, including some cases with pathological confirmation, 

which allowed us to compare the frequencies of LO-AA among the three clinical syndromes 

and to infer that LO-AA might be one possible presenting symptom of those conditions, 

especially bvFTD.

Alcohol abuse is considered a risk factor for dementia [29-31], and the onset of AA in 

the elderly have been thought to be related to changes in social environment such as 

retirement, losses (income, housing, loved ones), or loneliness [32], which pre-dispose to 

mood disorders and AA [33]. We add to this list that AA may be the first sign of an 

underlying neurological condition when it presents late in life and should prompt clinicians 

to investigate the possibility of a frontal lobe dysfunction. Health care workers should avoid 

systematically attributing AA only to social aspects related to aging such as loneliness. 

Atrophy in regions commonly affected by bvFTD such as frontotemporal, striatal, and 

insular areas have been associated with addiction [34, 35]. Furthermore, dysfunctional 

reward processing caused by right ventral striatum degeneration has been proposed as a 

possible mechanism for AA in patients with bvFTD [3]. Lack of impulse control due to 

degeneration of fronto-limbic-striatal circuits in bvFTD might also play a role in AA [36]. 

Not surprisingly, LO-AA was most frequent in our bvFTD cohort, in which those networks 

are commonly affected.

In terms of neuropathological diagnosis, we also found a higher proportion of LO-AA and 

AA-FS in FTLD-TDP (mostly type B) and FTLD-tau (Pick’s disease) when compared with 

AD. Although the numbers are too small to drive definitive conclusions, we can speculate 

that LO-AA as a prominent clinical feature is maybe due to the lesions in specific brain 

regions affected by those pathologies, not necessarily from the molecular signature.

It is important to distinguish the phenomenology of substance misuse and dementia with 

alcohol abuse. Behavioral addictions are characterized by harmful actions caused by an 

inability to resist an urge or drive [37]. Primary alcohol misuse was described to have three 

phases: an early phase characterized by increased tolerance, loss of flexibility, and salience; 
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a middle phase characterized by increased need for alcohol; and a late phase, marked 

by symptoms of physiological withdrawal, including nausea, tremors, and hallucinations 

[38]. Behavioral addictions can be considered a compulsive behavior, that presents in a 

different phenomenology in patients with dementia. In bvFTD, the compulsive behavior is 

more ritualistic, usually with lack of insight about the harmful consequences and associated 

with disinhibition and impaired intersocial boundaries [39], aspects that can be confounded 

by the effects of alcohol misuse. In AD, social disinhibition and inappropriate non-verbal 

communication [39] are rare, whereas major depression is common, and alcohol misuse 

could be wrongly attributed to be reactive to depressive symptoms. Indeed, often times it 

may be difficult for informants to distinguish symptoms of alcohol abuse and dementia. 

For instance, informants may misinterpret changes in functioning as related to the patient’s 

drinking instead of reflecting symptoms of the underlying dementia.

The present study calls attention to an important topic, the possibility of LO-AA as a sign of 

a neurodegenerative disease. Some limitations of this work include the retrospective design 

with chart analysis, which prevented further characterization of AA and assessment of 

symptoms of dependence such as withdrawal and tolerance. Therefore, the phenomenology 

distinction between alcohol abuse and alcohol abuse in dementia could not be further 

explored. We did not have access to information about quantities of alcohol consumed nor to 

the psychosocial context when the patient started abusing alcohol (i.e., divorce, grief, loss of 

work, lack of social support). Selection bias might have occurred because we did not review 

the charts of participants whose UDS reported no AA. We did not have precise information 

about the current diagnosis of depression at the time alcohol abuse started, which could 

be a major limitation because alcohol abuse may often be associated with depression. 

Indeed, the results need to be interpreted with cautious, as both neurodegenerative diseases 

and alcohol abuse are complex conditions. Because each disease group (AD, bvFTD, and 

SD with LO-AA) had relatively small number of patients, the risk of not accounting for 

possible other confounding factors prevent definite conclusions. Finally, the age cutoff 

chosen for differentiating LO-AA from L-AA is not an accepted cutoff. However, it is 

informed by the literature as detailed in the Methods section. Considering that alcohol 

abuse is underdiagnosed in older adults [40] and might not have been reported in the 

UDS questionnaire, some patients that had alcohol abuse but answer “no” to the UDS 

questionnaire could have had documented AA in their chart and escaped our detection.

Suspecting that patients with LO-AA may have an underlying neurodegenerative disease 

can significantly impact medical management and patient outcome. Some symptoms of 

dementia such as disinhibition and difficulties multitasking can be initially attributed 

to alcohol effects, delaying the diagnosis of dementia. Furthermore, isolation from the 

family and poor compliance with rehabilitation programs may result from apathy, impaired 

impulse control, dysfunction in reward processing and lack of empathy, rendering patient 

management more challenging. Indeed, it has been reported that older adults are more 

responsive to rehabilitation than younger adults [31], which may not be the case in 

patients with neurodegenerative diseases, such as bvFTD. For instance, a meta-analysis 

about treatment of alcohol abuse in older adults showed that the interventions were mostly 

based on counseling and feedback [41], which may not be useful in patients with dementia. 
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Tailored treatments and special rehabilitation programs for people with dementia will 

probably be more efficient in patients with LO-AA and dementia.

To conclude, this study indicates that LO-AA is much more frequent in bvFTD than AD, 

and it is likely that the biological mechanism underlying LO-AA and L-AA are different. 

Because patients that begin abusing alcohol late in life are usually first seen by psychiatrists, 

primary care doctors, and rehabilitation clinics, these professionals should be aware of the 

possibility of a neurodegenerative disease as an etiology and should specifically inquire 

about other frontal lobe symptoms. Further, they should avoid automatically attributing other 

neuropsychiatric symptoms to alcohol abuse alone. An early and appropriate diagnosis in 

those patients is paramount for providing the best management, improving patients’ and 

families’ quality of life, avoiding iatrogenic consequences and isolation, and channeling 

patients to clinically appropriate care facilities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

We thank the patients and their families for participating in the research programs. We thank Dr. Giovanni Copola 
and his lab from University of California, Los Angeles for the genetic analysis.

The funding for this research was provided by the NIH-NIA [UCSF ADRC P50 AG023501, UCSF PPG P01-
AG1972403] and the Larry L. Hillblom Network Grant for the Prevention of Age-Associated Cognitive Decline 
[2014-A-004-NET]. Elisa de Paula França Resende is an Atlantic Fellow for Equity in Brain Health at the Global 
Brain Health Institute and thanks the fellowship support in her work. David C. Perry is funded by K23AG045289 
and the Larry L. Hillblom Foundation.

REFERENCES

[1]. Rascovsky K, Hodges JR, Knopman D, Mendez MF, Kramer JH, Neuhaus J, van Swieten JC, 
Seelaar H, Dopper EG, Onyike CU, Hillis AE, Josephs KA, Boeve BF, Kertesz A, Seeley WW, 
Rankin KP, Johnson JK, Gorno-Tempini ML, Rosen H, Prioleau-Latham CE, Lee A, Kipps 
CM, Lillo P, Piguet O, Rohrer JD, Rossor MN, Warren JD, Fox NC, Galasko D, Salmon DP, 
Black SE, Mesulam M, Weintraub S, Dickerson BC, Diehl-Schmid J, Pasquier F, Deramecourt 
V, Lebert F, Pijnenburg Y, Chow TW, Manes F, Grafman J, Cappa SF, Freedman M, Grossman 
M, Miller BL (2011) Sensitivity of revised diagnostic criteria for the behavioural variant of 
frontotemporal dementia. Brain 134, 2456–2477. [PubMed: 21810890] 

[2]. Mendez MF, Perryman KM, Miller BL, Swartz JR, Cummings JL (1997) Compulsive behaviors 
as presenting symptoms of frontotemporal dementia. J Geriatr Psychiatry Neurol 10, 154–157. 
[PubMed: 9453681] 

[3]. Perry DC, Sturm VE, Seeley WW, Miller BL, Kramer JH, Rosen HJ (2014) Anatomical correlates 
of reward-seeking behaviours in behavioural variant frontotemporal dementia. Brain 137, 1621–
1626. [PubMed: 24740987] 

[4]. Gorno-Tempini ML, Hillis AE, Weintraub S, Kertesz A, Mendez M, Cappa SF, Ogar JM, Rohrer 
JD, Black S, Boeve BF, Manes F, Dronkers NF, Vandenberghe R, Rascovsky K, Patterson K, 
Miller BL, Knopman DS, Hodges JR, Mesulam MM, Grossman M (2011) Classification of 
primary progressive aphasia and its variants. Neurology 76, 1006–1014. [PubMed: 21325651] 

[5]. Hodges JR, Patterson K, Ward R, Garrard P, Bak T, Perry R, Gregory C (1999) The 
differentiation of semantic dementia and frontal lobe dementia (temporal and frontal variants 
of frontotemporal dementia) from early Alzheimer’s disease: A comparative neuropsychological 
study. Neuropsychology 13, 31–40. [PubMed: 10067773] 

de Paula França Resende et al. Page 8

J Alzheimers Dis. Author manuscript; available in PMC 2022 May 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[6]. Ossenkoppele R, Pijnenburg YA, Perry DC, Cohn-Sheehy BI, Scheltens NM,Vogel JW, Kramer 
JH, van der Vlies AE, Joie RL, Rosen HJ, van der Flier WM, Grinberg LT, Rozemuller AJ, 
Huang EJ, van Berckel BN, Miller BL, Barkhof F, Jagust WJ, Scheltens P, Seeley WW, 
Rabinovici GD (2015) The behavioural/dysexecutive variant of Alzheimer’s disease: Clinical, 
neuroimaging and pathological features. Brain 138, 2732–2749. [PubMed: 26141491] 

[7]. Nowrangi MA, Lyketsos CG, Rosenberg PB (2015) Principles and management of 
neuropsychiatric symptoms in Alzheimer’s dementia. Alzheimers Res Ther 7, 12. [PubMed: 
27391771] 

[8]. St John PD, Montgomery PR, Tyas SL (2009) Alcohol misuse, gender and depressive symptoms in 
community-dwelling seniors. Int J Geriatr Psychiatry 24, 369–375. [PubMed: 18837057] 

[9]. Blazer DG, Wu LT (2011) The epidemiology of alcohol use disorders and subthreshold 
dependence in a middle-aged and elderly community sample. Am J Geriatr Psychiatry 19, 685–
694. [PubMed: 21785289] 

[10]. Bosque-Prous M, Brugal MT, Lima KC, Villalb JR, Bartroli M, Espelt A (2017) Hazardous 
drinking in people aged 50 years or older: A cross-sectional picture of Europe, 2011-2013. Int J 
Geriatr Psychiatry 32, 817–828. [PubMed: 27388047] 

[11]. Schwarzinger M, Thiébaut SP, Baillot S, Mallet V, Rehm J (2017) Alcohol use disorders and 
associated chronic disease - a national retrospective cohort study from France. BMC Public 
Health 18, 43. [PubMed: 28732487] 

[12]. Langballe EM, Ask H, Holmen J, Stordal E, Saltvedt I, Selbak G, Fikseaunet A, Bergh S, Nafstad 
P, Tambs K (2015) Alcohol consumption and risk of dementia up to 27 years later in a large, 
population-based sample: The HUNT study, Norway. Eur J Epidemiol 30, 1049–1056. [PubMed: 
25968174] 

[13]. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR, Kawas CH, Klunk WE, 
Koroshetz WJ, Manly JJ, Mayeux R, Mohs RC, Morris JC, Rossor MN, Scheltens P, Carrillo 
MC, Thies B, Weintraub S, Phelps CH (2011) The diagnosis of dementia due to Alzheimer’s 
disease: Recommendations from the National Institute on Aging-Alzheimer’s Association 
workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement 7, 263–269. 
[PubMed: 21514250] 

[14]. Schuckit MA, Smith TL (2011) Onset and course of alcoholism over 25 years in middle class 
men. Drug Alcohol Depend 113, 21–28. [PubMed: 20727682] 

[15]. American Psychiatric Association (2013) Diagnostic and statistical manual of mental disorders. 
5th Edition. American Psychiatric Publishing, Arlington, VA.

[16]. Rosso SM, Donker Kaat L, Baks T, Joosse M, de Koning I, Pijnenburg Y, de Jong D, Dooijes 
D, Kamphorst W, Ravid R, Niermeijer MF, Verheij F, Kremer HP, Scheltens P, van Duijn 
CM, Heutink P, van Swieten JC (2003) Frontotemporal dementia in The Netherlands: Patient 
characteristics and prevalence estimates from a population-based study. Brain 126, 2016–2022. 
[PubMed: 12876142] 

[17]. Seelaar H, Kamphorst W, Rosso SM, Azmani A, Masdjedi R, de Koning I, Maat-Kievit JA, 
Anar B, Donker Kaat L, Breedveld GJ, Dooijes D, Rozemuller JM, Bronner IF, Rizzu P, van 
Swieten JC (2008) Distinct genetic forms of frontotemporal dementia. Neurology 71, 1220–1226. 
[PubMed: 18703462] 

[18]. Harvey R, Skelton-Robinson M, Rossor M (2003) The prevalence and causes of dementia in 
people under the age of 65 years. J Neurol Neurosurg Psychiatry 74, 1206–1209. [PubMed: 
12933919] 

[19]. DeJesus-Hernandez M, Mackenzie IR, Boeve BF, Boxer AL, Baker M, Rutherford NJ, Nicholson 
AM, Finch NA, Flynn H, Adamson J. Kouri N, Wojtas A, Sengdy P, Hsiung GY, Karydas A, 
Seeley WW, Josephs KA, Coppola G, Geschwind DH, Wszolek ZK, Feldman H, Knopman 
DS, Petersen RC, Miller BL, Dickson DW, Boylan KB, Graff-Radford NR, Rademakers R 
(2011) Expanded GGGGCC hexanucleotide repeat in noncoding region of C9ORF72 causes 
chromosome 9p-linked FTD and ALS. Neuron 72, 245–256. [PubMed: 21944778] 

[20]. Cairns NJ, Bigio EH, Mackenzie IR, Neumann M, Lee VM, Hatanpaa KJ, White CL, Schneider 
JA, Grinberg LT, Halliday G, Duyckaerts C, Lowe JS, Holm IE, Tolnay M, Okamoto K, Yokoo 
H, Murayama S, Woulfe J, Munoz DG, Dickson DW, Ince PG, Trojanowski JQ, Mann DM 
(2007) Neuropathologic diagnostic and nosologic criteria for frontotemporal lobar degeneration: 

de Paula França Resende et al. Page 9

J Alzheimers Dis. Author manuscript; available in PMC 2022 May 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Consensus of the Consortium for Frontotemporal Lobar Degeneration. Acta Neuropathol 114, 
5–22. [PubMed: 17579875] 

[21]. McKeith IG, Dickson DW, Lowe J, Emre M, O’Brien JT, Feldman H, Cummings J, Duda JE, 
Lippa C, Perry EK, Aarsland D, Arai H, Ballard CG, Boeve B, Burn DJ, Costa D, Del Ser T, 
Dubois B, Galasko D, Gauthier S, Goetz CG, Gomez-Tortosa E, Halliday G, Hansen LA, Hardy 
J, Iwatsubo T, Kalaria RN, Kaufer D, Kenny RA, Korczyn A, Kosaka K, Lee VM, Lees A, 
Litvan I, Londos E, Lopez OL, Minoshima S, Mizuno Y, Molina JA, Mukaetova-Ladinska EB, 
Pasquier F, Perry RH, Schulz JB, Trojanowski JQ, Yamada M (2005) Diagnosis and management 
of dementia with Lewy bodies: Third report of the DLB Consortium. Neurology 65, 1863–1872. 
[PubMed: 16237129] 

[22]. Montine TJ, Phelps CH, Beach TG, Bigio EH, Cairns NJ, Dickson DW, Duyckaerts C, Frosch 
MP, Masliah E, Mirra SS, Nelson PT, Schneider JA, Thal DR, Trojanowski JQ, Vinters HV, 
Hyman BT; National Institute on Aging; Alzheimer’s Association (2012) National Institute on 
Aging-Alzheimer’s Association guidelines for the neuropathologic assessment of Alzheimer’s 
disease: A practical approach. Acta Neuropathol 123, 1–11. [PubMed: 22101365] 

[23]. Dickson DW, Bergeron C, Chin SS, Duyckaerts C, Horoupian D, Ikeda K, Jellinger K, Lantos 
PL, Lippa CF, Mirra SS, Tabaton M, Vonsattel JP, Wakabayashi K, Litvan I (2002) Office of Rare 
Diseases neuropathologic criteria for corticobasal degeneration. J Neuropathol Exp Neurol 61, 
935–946. [PubMed: 12430710] 

[24]. Hauw JJ, Daniel SE, Dickson D, Horoupian DS, Jellinger K, Lantos PL, McKee A,Tabaton M, 
Litvan I (1994) Preliminary NINDS neuropathologic criteria for Steele-Richardson-Olszewski 
syndrome [progressive supranuclear palsy]. Neurology 44, 2015–2019. [PubMed: 7969952] 

[25]. Mackenzie I, Neumann M, Bigio E, Cairns N, Alafuzoff I, Kril J, Kovacs G, Ghetti B, Halliday 
G, Holm I, Ince PG, Kamphorst W, Revesz T, Rozemuller AJ, Kumar-Singh S, Akiyama 
H, Baborie A, Spina S, Dickson DW, Trojanowski JQ, Mann DM (2010) Nomenclature and 
nosology for neuropathologic subtypes of frontotemporal lobar degeneration: An update. Acta 
Neuropathol 119, 1–4. [PubMed: 19924424] 

[26]. Mackenzie IR, Neumann M, Baborie A, Sampathu DM, Du Plessis D, Jaros E, Perry RH, 
Trojanowski JQ, Mann DM, Lee VM (2011) A harmonized classification system for FTLD-TDP 
pathology. Acta Neuropathol 122, 111–113. [PubMed: 21644037] 

[27]. (2013) R: A language and environment for statistical computing. R Foundation for Statistical 
Computing: Vienna, Austria

[28]. Perry DC, Brown JA, Possin KL, Datta S, Trujillo A, Radke A, Karydas A, Kornak J, Sias 
AC, Rabinovici GD, Gorno-Tempini ML, Boxer AL, De May M, Rankin KP, Sturm VE, Lee 
SE, Matthews BR, Kao AW, Vossel KA, Tartaglia MC, Miller ZA, Seo SW, Sidhu M, Gaus 
SE, Nana AL, Vargas JNS, Hwang JL, Ossenkoppele R, Brown AB, Huang EJ, Coppola G, 
Rosen HJ, Geschwind D, Trojanowski JQ, Grinberg LT, Kramer JH, Miller BL, Seeley WW 
(2017) Clinicopathological correlations in behavioural variant frontotemporal dementia. Brain 
140, 3329–3345. [PubMed: 29053860] 

[29]. Perry CJ (2016) Cognitive decline and recovery in alcohol abuse. J Mol Neurosci 60, 383–389. 
[PubMed: 27460131] 

[30]. Oslin D, Atkinson RM, Smith DM, Hendrie H (1998) Alcohol related dementia: Proposed 
clinical criteria. Int J Geriatr Psychiatry 13, 203–212. [PubMed: 9646147] 

[31]. Caputo F, Vignoli T, Leggio L, Addolorato G, Zoli G, Bernardi M (2012) Alcohol use disorders 
in the elderly: A brief overview from epidemiology to treatment options. Exp Gerontol 47, 411–
416. [PubMed: 22575256] 

[32]. Immonen S, Valvanne J, Pitkälä KH (2011) Older adults’ own reasoning for their alcohol 
consumption. Int J Geriatr Psychiatry 26, 1169–1176. [PubMed: 21192017] 

[33]. DiBartolo MC, Jarosinski JM (2017) Alcohol use disorder in older adults: Challenges in 
assessment and treatment. Issues Ment Health Nurs 38, 25–32. [PubMed: 27936333] 

[34]. Luhar RB, Sawyer KS, Gravitz Z, Ruiz SM, Oscar-Berman M (2013) Brain volumes 
and neuropsychological performance are related to current smoking and alcoholism history. 
Neuropsychiatr Dis Treat 9, 1767–1784. [PubMed: 24273408] 

[35]. Goodkind M, Eickhoff SB, Oathes DJ, Jiang Y, Chang A, Jones-Hagata LB, Ortega BN, 
Zaiko YV, Roach EL, Korgaonkar MS, Grieve SM, Galatzer-Levy I, Fox PT, Etkin A (2015) 

de Paula França Resende et al. Page 10

J Alzheimers Dis. Author manuscript; available in PMC 2022 May 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Identification of a common neurobiological substrate for mental illness. JAMA Psychiatry 72, 
305–315. [PubMed: 25651064] 

[36]. Crews FT, Boettiger CA (2009) Impulsivity, frontal lobes and risk for addiction. Pharmacol 
Biochem Behav 93, 237–247. [PubMed: 19410598] 

[37]. Grant JE, Schreiber LR, Odlaug BL (2013) Phenomenology and treatment of behavioural 
addictions. Canadian journal of psychiatry. Can J Psychiatry 58, 252–259.

[38]. Kumar S, Singh RK, Goswami U, Khastgir U (2005) A study of the temporal course of 
phenomenology of alcohol dependence. Am J Addict 14, 213–222. [PubMed: 16019972] 

[39]. Swartz JR, Miller BL, Lesser IM, Booth R, Darby A, Wohl M, Benson DF (1997) Behavioral 
phenomenology in Alzheimer’s disease, frontotemporal dementia, and late-life depression: A 
retrospective analysis. J Geriatr Psychiatry Neurol 10, 67–74. [PubMed: 9188022] 

[40]. Loukissa D (2007) Under diagnosis of alcohol misuse in the older adult population. Br J Nurs 16, 
1254–1258. [PubMed: 18073655] 

[41]. Kelly S, Olanrewaju O, Cowan A, Brayne C, Lafortune L (2018) Interventions to prevent and 
reduce excessive alcohol consumption in older people: A systematic review and meta-analysis. 
Age Ageing 47, 175–184. [PubMed: 28985250] 

de Paula França Resende et al. Page 11

J Alzheimers Dis. Author manuscript; available in PMC 2022 May 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Frequency of late-onset alcohol abuse and alcohol abuse as one of the first symptoms 

of dementia, per diagnosis. The first panel shows the comparisons of the proportions 

of late-onset alcohol abuse across the cognitive diagnosis: Alzheimer’s disease dementia 

(AD), semantic variant primary progressive aphasia (svPPA), and behavioral variant 

frontotemporal dementia (bvFTD). The second panel shows the proportions of alcohol as 

the first symptom (subgroup analyses) across the cognitive diagnosis. The third panel shows 

the frequency of lifelong alcohol abuse per diagnosis. The Confidence Intervals (CI) refer to 

the comparisons of the proportions between groups. The error bars depict the 95% CI of the 

proportions within each cognitive group.
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Fig. 2. 
Distribution of pathological diagnosis per alcohol status. The proportion of patients with 

frontotemporal lobar degeneration (FTLD) pathology in the late-onset alcohol abuse was 

higher than in the lifelong alcohol abuse, where the proportion between FTDL pathology 

and Alzheimer’s disease was similar.
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